Sedentary activities such as reading, writing, sketching, etc. are affected due to the train vibrations. Therefore, the present study investigates the extent of perceived difficulty and distortion in a sketching task by seated subjects in two postures under low frequency, multi axial random vibrations. Thirty male voluntary subjects sketched geometric figures such as rectangles, circles and triangles in two sitting postures while exposed to multi-axis stimuli of vibration magnitudes 0.4, 0.8 and 1.2 m/s 2 r.m.s. in 1-20 Hz frequency range. Performance was evaluated both subjectively and objectively by two specifically designed objective methods. The deviation in distortion with respect to the given figures is represented in terms of percentage distortion. The percentage distortion and sketching difficulty increased with an increase in vibration magnitudes and was affected more while sketching on table. The sketching difficulty was found independent of geometric figures.
Introduction
Studies of the whole-body vibration effects on activities have often focused on military personnel, with investigations of its effects on the vision or manual control of pilots and tank crew (Wollstrom, 2000) . Moreover, tracking tasks have largely been used to determine the effect of vibration direction on task performance (Baker and Mansfield, 2010) . There has been less attention given to the tasks performed by the general public as vehicle passengers. Exceptions are studies of the effects of vibration on drinking (Whitham and Griffin, 1978) , effects of vibration on writing (Corbridge and Griffin, 1991; Westberg, 2000) and effects on reading (Griffin and Hayward, 1994; Sundström and Khan, 2008; Bhiwapurkar et al, 2010a) . There are a number of studies (Griffin and Hayward, 1994; Corbridge and Griffin, 1986) on the effects of horizontal (X, Y-axis) vibrations, but none of these studies have been performed in trains or uses the similar vibration conditions as of in the trains. In a recent field study (Bhiwapurkar et al, 2010c) on various Indian railway passenger trains which include both a questionnaire survey and vibration measurements reported that the maximum difficulty was found in writing activity (72%), than working with laptop (58%) and comparatively less with reading activity (56%). The study reported that the vibration levels measured (unweighted) from floor of the passenger compartment found to be in the range of 0.2 -0.67 m/s 2 rms in longitudinal (X-axis) direction; 0.23 -0.83 m/s 2 rms in lateral (Yaxis) direction and 0.38 -1.2 m/s 2 rms in vertical (Z-axis) direction. Comparing quantitatively vibration with X-axis, the vibration level was found to be about 30% higher in the Y-axis and approximately 80% higher in Z-axis. Therefore, these vibration magnitudes have been chosen for the study. The vibration transmitted will be affected by various parameters such as posture, vibration level, and frequency (Griffin, 1975) . It was also reported that the human body motion under two directional random vibrations could not be approximated by superposition of one directional random vibration (Demic et al, 2002) . The current trend in vibration research is to use multi axis values (Hinz et al, 2002; Paddan and Griffin, 2002) . Lovesey (1970) also highlighted the importance of considering the effects of multi-axis vibrations rather than limiting the tests to single axis vibration.
Many people in metropolitan areas of India prefer to use trains for commuting to the work place. Daily commuters often desire to productively utilize their traveling time to carry out various sedentary activities like reading, writing, sketching etc. (Bhiwapurkar et al, 2010b) . In such vibration environments, manually controlled movements by humans are known to be adversely affected. The present study is significant since it attempts to quantify the effect of vibrations on the writing ability in terms of performance impairment in sketching activity. The effect of vibrations on the ability to write cannot be quantified directly, whereas the difficulty experienced in working with the pen/pencil can be quantified in terms of the difficulty encountered in sketching activity. Simple geometric figures such as circles, rectangles and triangles were chosen for this study since they are independent of individual's skills. The objective of the study was to investigate the extent of perceived difficulty and distortion in a sketching task by seated subjects in two postures under low frequency, multi axial Gaussian random vibration environment. The subjective evaluation of the difficulty experienced to perform the task was obtained using Borg CR10 scale (Borg, 1998) and sketching performance was measured in terms of percentage distortion in sketching by specifically designed two objective methods such as RMS and Area method.
Material and Methodology

Subjects
Overall 30 healthy male subjects participated in the experiments with age in years (22.91 ± 4.58), weight (68.91 ± 12.04) kg and height (173.87 ± 5.86) cm. All were engineering graduates, post graduates or research students of Indian Institute of Technology Roorkee, India having familiarity with drawing and sketching. All the subjects had normal eyesight (normal visual acuity 6/6 vision). In direct association to the experiment, all subjects were required to fill in a questionnaire on their personal background: level of education; experience of traveling in trains; fitness; reading and writing habits; and musculoskeletal disorders (Kuorinka et al, 1987) to assure the suitability of the subjects for experimental task.
Subject Posture
In the laboratory study two main postures were investigated is shown (Figure 1 ). In the first seated posture referred as the lap posture, the seated person leans against the back of the seat, with the sketch material held on his lap. In the second seated posture mentioned as the table posture, the seated person leans forward at about 20 0 w.r.t. vertical with the sketch material placed on the table. During experiment, the order the posture was random for all subjects. The two subject postures were chosen based on previous studies (Bhiwapurkar et al, 2010c; Sundström and Khan, 2008) which reported that a majority of train passengers preferred to adopt either of the two seated postures for writing activity. The experiments were conducted using a rigid seat with a configuration representative of that used for Indian train passenger compartment seats. The chair consisted of a 42 × 42 cm 2 flat seat and the height of the seat from floor was 48 cms.
Vibration Environment
The study was conducted on the vibration simulator developed as a mockup of railway vehicle, in the Vehicle Dynamics Laboratory of IIT Roorkee, India. It consists of a platform on which a table and two rigid chairs have been securely fixed ( Figure  2 ). The backrest of the chair was rigid, flat, and vertical. The seat, the backrest, and the table are not in resonance condition within the frequency range studied (up to 20 Hz) in any of the three axes. Three Electro-Dynamic Vibration shakers are used to provide vibration stimuli simultaneously to the platform in three translation axes viz, longitudinal (X), lateral (Y) and vertical (Z) direction. For simplicity and safety reasons, the internal positioning accelerometers of the shakers were continuously used for motion feedback. The onboard vibrations of the platform were measured on line for continuous monitoring of the vibration signal by using a tri-axial accelerometer 'A' (KISTLER 8393B10), the signal transmitted to the Labview Signal Express software via a data acquisition card (NI 6218) .
The simulator provides a controlled train atmosphere with a working illumination well above 250 lux using both direct and indirect light sources for constant and well-distributed illumination at all seats and tables. The test subjects were seated on the chairs rigidly mounted on the platform of vibration simulator such that these are excited with the same frequency as the platform, up to the frequency range of interest. This range is considered critical, since it coincides with the most vulnerable range for writing activity and perhaps for sketching activity as well. 
Vibration Stimuli
In the study, for each sitting posture, a continuous random Gaussian signal over the frequency range 1-20 Hz was generated using random vibration controller for which the well-known exponential equation and bell-shaped curve defined the statistics. Power spectral density curve (g 2 /Hz) of the signal generated by the exciter over the frequency spectrum of interest is shown ( Figure 3 ). The vibration level in Indian railway passenger train was found to be about 30% higher in the Y-axis and approximately 80% higher in Z-axis in comparison with X-axis vibration. Therefore, in multi axis, three mono axes are excited simultaneously with above relation, which resulted in rss magnitudes of 0.4, 0.8 and 1.2 m/s 2 (unweighted), Table 1 . The RSS is the vibration total value which is obtained from the square root of the sum of the squares of the measured rms values in the X-, Y-, and Z-directions (Mansfield, 2005) . To cover all the travel condition, vibration levels of 0.4, 0.8 and 1.2 m/s 2 were considered in the laboratory study. 
Experimental Task
The test subjects were seated two at a time in the vibration simulator and A4 size sheet printed with simple geometric figures such as circles, rectangles and triangles along with a Borg CR10 scale was provided. The subjects were asked to sketch on the given geometric figure with the help of a ball point pen without lifting the pen (Figure 4) . Initially, the subjects were asked to sketch in a vibration-free environment (static). Next, the vibrations are imparted to the subjects seated in the vibration simulator and the subjects are required to repeat the same task for each vibration stimulus and posture.
Several authors have used time-based measures of activity performance, e.g. reading speed and reading error (Griffin and Hayward, 1994) . Time-dependent measures are very conventional means of evaluating performance since it is known that slow readers are able to perform well in complicated tasks if only given adequate time (Nation, 2005) . This ensured that the subjects' sketching ability had no influence on the outcome of the present study. 
Evaluation of distortion in sketching
Two objective methods are proposed to evaluate the distortion in geometrical figures namely,
Area Method
In this method, the intersected area between the standard figure and the distorted figure is calculated. It is then divided by the area of the standard figure to normalize it. It can be expressed as percentage distortion. From global perspective, paper documents (sketch), which are an inherently analog medium, can be converted into digital form by process of scanning. This process yields a digital image i.e. gray pixel. Using MATLAB programming the area of digital image of geometrical entity is selected. The distorted part of the area (Figure 4 ) is converted into black color (off pixels). The remaining area of the enclosed geometrical figure is kept white. This white area is measured in terms of number of "on pixels". The more number of "on pixels", the larger is the white area. Distorted area is considered positive whether inside or outside the standard geometrical entity. The area of standard geometrical entity (white area) is also to be measured to calculate percentage distortion. In RMS method, difference between pixel value in radial distance of the two figures (distorted and standard figure) from the center of standard figure at different angles were determined.
Subjective Evaluation
The subjective evaluation employed the Borg's CR-10 scale (Borg, 1998) . Table 2 presents the Borg's CR-10 scale, which consists of 17 level points (9 labeled and 8 unlabeled). The scale is used by first finding the verbal label which best fits the stimulus attribute of interest, and then using the number scale to make adjustments to the rating. The value of 10 represents the maximum suggested intensity, but greater values can be chosen if the test participant so wishes. Due to its ease of use and reliability, the Borg's CR-10 scale has found wide application in the fields of physiology, psychology and ergonomics to rate sensations of pain, fatigue, physical exertion and discomfort (Pandolf et al., 1978; Ajovalasit and Giacomin, 2005) . Extremely strong (almost maximal) * Absolute maximum
Test Procedure
Each subject began the experiment by filling out a general questionnaire about his personal information. This was followed by a brief introduction about the experiment to each subject. After obtaining their signatures on an informed consent, the subjects performed the experiment task. The study involved about 30 minutes of testing. Each subject was exposed to an overall 8 conditions, from a combination of three levels of vibration magnitudes and two types of subject postures with a 1-min break between consecutive sessions. A static condition with no vibrations was also used. The stimulus was presented randomly to minimize order effects. The test subjects were instructed to occupy themselves with the prescribed task during the vibration exposure and later on rate their perceived difficulty of sketching on Borg CR10 scale during the scheduled break.
Data analysis
At each vibration magnitude, the subjective and objective results were analysed using a Wilcoxon matched-pairs signed ranks test. This is the non-parametric equivalent of the paired sample t-test and was used with two columns of related (linked) data. The two-tailed test was used and statistical significance was accepted at 5 % level (p<0.05). The statistical package for social sciences (SPSS Inc., Chicago, USA, version 16) was used for statistical analysis.
Results
The detailed output response of 30 subjects for all the vibration conditions by both objective and subjective measure was given in Appendix I and II. To calculate the mean value, the average of all 30 subjects has been considered. The effect of vibration stimuli on mean perceived difficulty for all geometric figures in table posture is shown ( Figure 6 ). Similarly, the mean values of all geometrical figures for 30 subjects are used to plot the level of difficulty (Figure 7) , percentage distortion by RMS method ( Figure  8 ) and percentage distortion by Area method (Figure 9 ) as a function of vibration magnitude for two seated postures. Table Lap Figure. 
Subjective evaluation of sketching difficulty
The mean value of level of difficulty for all geometrical figures in multi axis vibration by subjective evaluation in table posture is shown (Figure 6 ). It can be observed that the level of difficulty of all geometrical figures progressively increases with an increase in intensity of vibration stimulus. It was also confirmed by observing statistically significant difference in level of difficulty between range of given vibration stimuli (p<0.05). However, no significant difference in level of difficulty was observed among all geometrical figures at each vibration stimulus (p>0.05), therefore, it was evident that there is no effect of the type of geometrical figures on the perceived difficulty to sketch.
Since the subjective evaluation revealed the independence in chosen entity (p>0.05), the average values of percentage distortion for all the three geometrical figures have been considered (Figures 7 to 9 ). It was seen that the mean level of difficulty for all geometrical figures was found to increased with an increase in vibration stimuli in both the subject postures (Figure 7 ), also the difference in level of difficulty was found to be significant for each vibration stimulus in both the subject postures (p<0.05). While comparing the subject's posture for perceived difficulty (Figure 7) , the subject perceived more difficulty when the sketch pad is placed on the table as compared to that on the lap for all vibration stimuli (p<0.05).
Objective task performance
The mean percentage distortions by both objective methods for two subject postures are shown (Figures 8 and 9 ). The results obtained by the two methods of analysis show similar trend. Similar to subjective evaluation, the percentage distortion by both the objective methods was found to increased with an increase in intensity of vibration stimuli for both the seated posture, also the difference in level of difficulty was found to be significant for each vibration stimulus in both the subject postures (p<0.05). The † † † † † * * * result shows that the percentage distortion obtained from RMS method was higher as compared to that of Area method, for both the subject postures, which could be attributed to the differences in mathematical definition of the two objective methods. While comparing the subject's posture for percentage distortion by both the objective method (Figures 7 and 8) , the percentage distortion in sketching was found to be more when the sketch pad is placed on the table as compared to that on the lap. While the RMS method revealed higher percentage distortion in sketching on table posture at all vibration stimuli (p<0.05), however, the Area method shows higher percentage distortion on table posture only at higher vibration stimuli (i.e. at 0.8 and 1.2 m/s 2 ) (p<0.05).
Discussion
The objective of the study was to quantitatively evaluate the distortion while sketching in vibration environment by two objective methods (Area and RMS method) and the obtained result is compared with the perceived difficulty assessed from subjective evaluation method. The results revealed that the perceived difficulty evaluated by subjective evaluation in sketching task was dependant on vibration stimuli and its degree of influence varied with vibration magnitude. The results are comparable with those of Mansfield and Maeda (2005) , where subjective ratings of intensity increased with vibration magnitude for both single axis and dual axis vibration conditions. A similar outcome was also reflected in percentage distortion by both objective methods where percentage distortion in sketching increases with increase in vibration stimuli for both the subject's posture.
Previous studies (Corbridge and Griffin, 1991; Griffin and Hayward, 1994; Mansfield et al, 2007) have indicated that low levels of vibration in mono axes may not adversely affect task performance. However, the results from the present study (Figure 7) indicate that the moderate level of perceived difficulty in sketching task was observed even at lowest vibration stimulus (i.e. at 0.4 m/s 2 ). This could suggest that sketching tasks are more sensitive to multi axis vibration than mono axes. From the subjective evaluation and percentage distortion evaluated by both objective methods, the results revealed that the sketching performance was greatly hampered with sketch pad placed on table as compared to sketch pad on lap. The results of percentage distortion are comparable with those of subjective evaluation for subject postures.
The result for subject postures by Area method was found to be insignificant at lowest vibration stimulus (0.4 m/s 2 ) due to the difference in mathematical definition of the two objective methods. In a vibrating environment, the posture becomes even more important in suppressing and compensating the motions to limit their effect on the performance of the work. The posture has, thus, a vital role in transmitting vibrations to the different body segments, as well as to the working material. The significant difference in difficulty and distortion while sketching between the two subject postures used in this study could be explained by two different aspects, i.e. the support of the upper body and the vibration level of the working material. While working with the sketch pad placed on the lap, the upper body is supported by the back of the seat, and the legs are supported by the floor. Since the sketch pad is placed on the lap, it moves almost in phase with the body, hence difficulty level and percentage distortion are relatively found to be lower. On the other hand, with sketch pad placed on table, the upper body will be unsteady since it lacks support from the back of the seat and the sketch pad will oscillate along with the table. Due to the unsteadiness of the upper body the possibility is, thus, greater for the body to move out of phase with the table and material. While the sketching task is similar in both postures, the effect of posture is significant, which implies that posture has a stronger influence on the sketching performance. These results are similar to those found subjectively for writing activity (Sundström and Khan, 2008; Bhiwapurkar et al, 2010b) .
The percentage distortion from RMS method was higher than that from Area method for both the subject postures, which could be attributed to the difference in mathematical definition of the two objective methods. It is also evident that the perceived difficulty in sketching task was not affected by the type of geometrical figures chosen. From the statistical results, good correlation was found between subject's self-judgment of sketching difficulty and the percentage distortion by RMS method. Therefore RMS method will be recommended for quantifying the percentage distortion. The ability to use various input devices is affected by motion, therefore, designers need to recognize the effects of motion and choose devices that account for those effects. Input tasks, such as cursor control, sketching, and using touch buttons, are affected by motion. While satisfactory performance may be realized in stationary conditions, similar inferences cannot be expected during motion. Since distortion in actual hand writing task was difficult to quantify, it was decided to study distortion in sketching simple geometric figures for which quantitative methods could be employed with relative simplicity, good degree of accuracy and repeatability.
None of the present standards used by the industry (ISO 2631-1, ENV 12299) considers the seated posture or the passengers' activity when evaluating ride comfort. These issues are necessary to emphasize since most of the train passengers are involved in sedentary activities and use trains as their working place. Presumably, adjustable table, better seat design and good track conditions might increase the performance of sedentary activities. Therefore, further studies are suggested to develop more appropriate weighting filters for the assessment of passenger discomfort with respect to the activities while traveling by train.
Conclusions
The present work is of high implication and relevance, since the passengers use most of their travelling time for performing sedentary activities. In this study, consisting of sketching activity in a mock-up of passenger's compartment, the performance measure for sketching activity in multi axis random vibrations have been investigated using subjective evaluation and two percentage distortion methods. It has been observed that the extent to which the percentage distortion and perceived difficulty was increased with an increase in vibration magnitudes. The results of subjective evaluation reveal that there is no effect of the type of entity chosen on the level of difficulty for the sketching activity. The results showed significant differences depending on postural conditions. The subjects reported greater difficulty while sketching with sketch pad on table than with sketch pad on the lap. The result from RMS distortion method found good correlation with subjective evaluation and is therefore recommended for quantifying the percentage distortion. 
